The task of biomedical diagnostics is to determine the dependence of the conclusion/diagnosis on the sets of parameters that characterize the state of the biosystem/patient. The performed analytical review of modern scientific literature permitted us to determine that Bayesian, regression and correlation analyzes and logical programming are most often used for biomedical diagnostics purposes. At the same time, their informativeness can only be realized for the solution of those diagnostic tasks in which quantitative parameters are analyzed. Qualitative and binary information provides an opportunity to find out more about features of the biosystem's state. However, its use is limited, since the results obtained are presented in words (that is, in a linguistic form) that cannot be processed by means of traditional (digital) mathematical analysis. The objective of this work was determining the capabilities of the mathematical apparatus to deepen the study of hormonopoiesis in the thyroid gland. The object of the study was electron micrographs of ultrathin tissue sections, its subject was the features of correlations between ultrastructural cell elements which carry out the processes of synthesis and secretion in follicular thyrocytes. In the context of studying the features of synthetic and secretory activity of follicular thyrocytes of the thyroid glands in white male rats, it was shown that the objectification of non-numerical information about the state of cells allows us to use linguistic information about changes in their morphofunctional state. Implementation of correlation analysis for studying the relationships and interdependencies between organelles which implement synthesis and secretion of the hormonal product in the main structural unit of the thyroid gland -follicular thyrocyte -allows us to determine, study, analyze and generalize peculiarities of both changes in individual ultrastructures and their functional complexes (clusters) in response to the actions of various factors and to trace the interdependencies and mutual interactions existing between them, as well as to deepen the idea of the intimate mechanism features of the specific directions of follicular thyrocyte activity, which substantially expands the research platform in cytophysiology and cytomorphology.
Introduction
Modern biology and medicine are passing into a new phase of their development, which implies wider involvement of mathematical approaches to solving problems in certain sections of these disciplines (Murray, 2003; Tiwari, 2012; Amigó & Small, 2017) . Determination of the fields of biomedical research and objectivizing their results implies the application of various mathematical analysis methods.
This need has arisen due to the fact that traditional methods of research used in medicine and biology no longer satisfy the theoretical and practical demands of researchers, since they are based on the opposite conceptual principles: the use of either quantitative data about the investigated object obtained from its measurements, or qualitative information that describes the status of a given object of research in the words of the language used. At the same time, the quantitative definitions, despite their objectivity, do not allow us to determine and analyze all the nuances of the biological system's state, which can be an organism/tissue/cell, whereas the qualitative information that can mark the slightest changes in the state of the system under examination in various positive and negative influences is not subject to calculation. This makes it subjective and does not permit comparisons, evidence based conclusions, analyses and generalizations.
The task of biomedical diagnostics is to determine the dependence of the diagnosis on a plurality of parameters of the studied system's state, which can be quantitative, qualitative or binary. The basic mathe-matical methods used to solve the set tasks are Bayesian, regression and correlation analyzes, logical programming and the principle of phase interval; diagnosis on the principles of fuzzy logic is promising.
Bayesian analysis has been implemented in various research areas (Meeus et al., 2010; Rietbergen et al., 2011; van de Schoot et al., 2014) . In particular, in biomedical diagnostics, if p(d j ) is an a priori probability of diagnosis d j , j = m , 1 , then P(X * /d j ) will be conditional (a posteriori) probability of diagnosis d j occurrence in the patient with the state parameters X * = (x * 1 , х * 2 , …, x * n ). After calculating the a posteriori probabilities of all possible diagnoses according to the Bayes' theorem, from their totality the one for which the probability is the greatest is selected: The diagnosis process based on the Bayesian approach is now widely used in biological research to work with known quantitative information (Aguilera et al., 2011; Tighe et al., 2013) . At the same time, in medical diagnostics, its use has certain limitations, because it requires assuming that each disease is characterized by a pathognomonic complex of symptoms. Statistical information, which is a necessary ground for the method's application, in practical medicine is usually limited, and the introduction of new data into the model is associated with the need to recalculate all probabilities. Despite the fact that collecting, processing and storage of information important for diagnosis requires a certain time and effort, the diagnostic conclusion obtained on its basis is sometimes difficult to justify. When applying regression analysis, the following linear regression equation is used: q = a 0 + a 1 x 1 + a 2 x 2 + … + a n x n , where q depends on the vector of the input parameters Х = (х 1 , х 2 , …, х n ), whereas а 0 , а 1 , а 2 , …, а n , are unknown parameters which are determined by the least squares method. This type of analysis is also designed for work with biological information to be computed (van Someren et al., 2006; Lu, 2016) . The use of the regression analysis method for the needs of medical diagnostics also has a number of limitations. In particular, it only permits performing the diagnostic and prediction tasks in which the studied parameters are quantified (Whitley & Ball, 2002; Bewick et al., 2003; Courvoisier et al., 2011) . In addition, the method under discussion is characterized by insufficient reproducibility of the research results and by the need for working through these results in large volumes, which is not always expedient under the conditions of a given experiment and clinic.
The task of the correlation analysis method is to determine correlations between the studied parameters, the nature and pronouncement of which are established by the pair correlation coefficient (Akoglu, 2018; Schober et al., 2018; Uurtio et al., 2018) . Prolonged use of the method facilitated the data accumulation for studying various biomedical processes (Miot, 2017 (Miot, , 2018 Yadav, 2018) at their multiple levels (Rossi et al., 2015; Maranzatto et al., 2016; Kim et al., 2017) , which resulted in the development of tools to facilitate visualization, analysis and interpretation of the information obtained (Mutwil et al., 2010; Batushansky et al., 2016) . However, the method is not intended to work with qualitative or binary data on the state of a studied biosystem.
In expert systems, the method of formal description is quite widely used, for the implementation of which the language of logical programming Prolog is used (Talbot, 2018) . This language is suitable for searching a chain of rules coming from the factors (x * i ) to the goal (d * j ) or from the goal (d * j ) to the factors (x * i ) that are selected from the database. In medicine, this method frequently permits one not only to diagnose, but also to substantiate the reasons for the decision taken to a large extent. However, Prolog solves the problem by the exhaustive search method, which limits its possibilities for infinite output sets (Bessmertnyy et al., 2019) ; in the case where knowledge has a probabilistic nature, the method of logical conclusion cannot be applied.
The phase interval principle (Plashchevaya et al., 2014) implies determining the diagnosis of a patient by calculating the distance between two points in the Euclidean space, each coordinate x i (i = n , 1 ) of which indicates one of the patient's state parameters, and points х 1 , х 2 , …, х n correspond to a certain diagnosis d j , j = m , 1 . The method does not require accumulation of significant statistical material and great efforts for its processing, but is only limited by quantitative and binary parameters of the studied biological object's state.
The theory of fuzzy sets (Gupta, 2011 ) is a means of formalizing the uncertainties that occur in the biological system (Torres & Nieto, 2006) . It is used as a means of solving research problems that arise in the study of a living organism in biomedical research (Patel et al., 2013; Gürsel, 2016) . When carrying out biomedical diagnostics on the principles of fuzzy logic (Dev et al., 2015) , relatively simple mathematical methods are used. In particular, the notion of membership function and the greatest and least expression of any attribute (max-у and min-у), as well as certain scientific and methodological principles, are used.
According to the principle of linguistic diagnosis and the patient's state parameters, the diagnosis and the patient's state parameters are linguistic variables. The principle of verbality of diagnostic data implies the existence of cause-effect relationships between the parameters of the biological system's state (cause) and the diagnosis (effect), which are initially described in terms of the language used, and then formalized as a total of fuzzy logical statements.
Formalizing the diagnostic process on the basis of fuzzy logic implies determining the diagnosis d through the input parameters (variables) x 1 , x 2 , …, x n , which characterize the patient's state. Then: d = f d (x 1 , x 2 , …, x n ), where f d is some function that determines the relationship between the variables x i , i = n , 1 and d.
Variables x 1 ÷ x n and function d can be quantitative, qualitative, or expressed by means of special scales, for example, in the point scoring system. This permits the qualitative colouration of the state, which significantly extends the possibilities of determining the correct diagnosis, but requires the special training of the researcher.
The need for formalization of qualitative and binary information about the state of a biological object is urgent in cytology, which traditionally applies such a heuristic method as linguistic description, which makes the completeness of the received information about the object and its interpretation dependent on the qualification of the researcher and makes the final conclusion subjective (Ryabukha, 2018a) . In its turn, traditional morphometry, which, when processing quantitative parameters, uses such a component of a mathematical apparatus as mathematical statistics, despite the possibility of comparisons, does not have at its disposal means that permit complete implementation of expanded analysis and generalization, which is very important for establishing the regularities of cell activity and clarification of features of their changes under the influence of various factors.
Our previous studies (Ryabukha, 2018b (Ryabukha, , 2019 have shown that a promising field of implementing mathematical technologies in the process of diagnosis in cytomorphology and cytophysiology is a package of specific mathematical methods, any of which is the basis for the next step. In this case, the diagnostic process will be integrated, will proceed in several stages and permit the object under study to be characterized in a multifaceted manner. The basic requirements for choosing the mathematical methods should be the informative value of the results obtained, the possibility of their subsequent mathematical transformation and ease of use. The combination of the phase interval principle and the method of correlation analysis, carried out on the basis of verbality in determining the state of the studied object, correspond to the requirements stated above. This allows further interpretation of the traced correlations and their interdependence in terms of cytophysiology (Ryabukha & Dronyuk, 2018) .
The objective of the study was use of the mathematical apparatus capabilities adapted to studying the activity of the cell as a biological system for the in-depth study of various courses of hormonopoiesis in the thyroid gland.
Materials and methods
The study was carried out on the example of analysis of correlation portraits of synthetic and secretory follicular thyrocytes activity. Its object was electron-diffraction patterns made according to generally accepted techniques of ultrathin (4-6 μm) sections of thyroid gland tissues obtained from white outbred rat males, of the initial weight of 140-160 g, which were kept on an iodine-deficient isocaloric starch-casein diet for 30 days. To correct the alimentary hypothyroidism, the animals consumed 50 μg per kg body weight of organic and inorganic iodine. Organic iodine was introduced into the diet with iodine-protein preparation derived from the red Black Sea algae Phyllophora nervosa (Phyllophora crispa), inorganic iodine -from the potassium iodide solution. The object of study was the correlation features between ultrastructural elements which implement the processes of synthesis and secretion in follicular thyrocytes. The totality of organelles-implementers in each field of the thyrocyte activity (clusters of synthetic and secretory potentials) are presented respectively in Table 1 and 2 (Ryabukha, 2018b; Ryabukha & Dronyuk, 2018; Ryabukha, 2019) .
Determination of the state of ultrastructures of follicular thyrocytes was based on visual examination of electron micrographs. Its results were described in words. The obtained visual picture was compared to the results in the two diametrically opposite controls, i.e., according to the principle of the phase interval method, the state in norm and that in uncorrected pathology.
The state and number of ultrastructures belonging to the studied cluster were ranked within the range of "a little -moderately (norm) -a lot". According to a specially designed scale, the results were assessed in points, taking into account the expression of the sign under study: 0 points -no sign, 1 -sign slightly expressed, 2 -sign is expressed moderately, 3 -sign is expressed markedly, 4 points -sign is expressed to the maximum. The obtained digital indices were averaged and used for correlation analysis, applying the Pearson pair correlation coefficient, which is calculated using the formula: Analysis of correlations was carried out taking into account their strength, quantity and communication sign. The positive value of the pair correlation coefficient (r xy = 1.0) indicated the same direction of change in the studied signs, the negative (r xy = -1.0) -that the increase of one index is accompanied by a decrease in the associated index. In the structural organization of the correlations between the indices, the most significant were considered very strong and strong connections, which on the Chaddock scale of correlation were respectively within the range of 0.91 < r xy < 1.0 and 0.71 < r xy < 0.9; connections of lesser strength were taken into account in cases of absence or insufficient number of very strong and strong connections.
Interpretation of the developed correlation portraits was based on views of the thyrocytes' hormonopoiesis features (Barrett, 2016) , taking into account the functional significance of organelles (Caplan, 2016) , the strength and sign of correlations traced between them. The traced correlation connections were illustrated by the graphic construction of correlation portraits (Ryabukha, 2018a) .
The processing of the results was performed using the following software: for the digital parameters -StatSoft Statistica v6.0 package, for correlation tables and portraits -Microsoft Office 2010 package -MS Excel spreadsheet and MS Word (Microsoft Graph), respectively.
Results
The presence of correlation connections between ultrastructural elements of the synthetic activity of the thyroid glands' follicular thyrocytes in rats under the model conditions of correcting the alimentary iodine deficiency with iodine of different chemical nature, their strength and direction are presented in Тable 3 and 4.
Table 3
Correlations between the constituent elements of the synthetic direction portrait of follicular thyrocytes' activity in the thyroid glands of white male rats who received 50 μg of organic iodine in the model conditions of iodine deficiency in the diet Normal structure of rough ER -expanded structure of rough ER J 2 -J 3 -0.612
Normal structure of rough ER -expanded structure of Golgi apparatus J 2 -L 3 1.000
Expanded structure of rough ER -normal structure of Golgi apparatus J 3 -L 2 0.791
Expanded structure of rough ER -expanded structure of Golgi apparatus J 3 -L 3 -0.612
Reduced number of membrane bound ribosomesmoderate number of ribosomes in cytoplasm J 4 -К 2 1.000
Reduced number of membrane bound ribosomesnormal structure of Golgi apparatus J 4 -L 2 -0.791
Moderate number of membrane bound ribosomesreduced number of ribosomes in cytoplasm J 5 -К 1 1.000
Moderate number of ribosomes in cytoplasmnormal structure of Golgi apparatus К 2 -L 2 -0.791
Normal structure of Golgi apparatus -expanded structure of Golgi apparatus L 2 -L 3 -0.645
The traced correlations were visualized by the construction of correlation portraits (Fig. 1).   Fig. 1 . Graphic representation of the structure of the synthetic direction correlation portraits of follicular thyrocyte activity in the thyroid glands of white male rats who received 50 μg of organic (a) and inorganic (b) iodine of chemical nature under the model conditions of iodine deficiency in the diet (Ryabukha, 2018b) Correlations between ultrastructural implementers of the secretory follicular thyrocytes' activity are presented in Table 5 and 6. Increased number of secretory granulesapical location of secretory granules M 3 -M 7 1.000
Increased number of secretory granules -presence of topographic connection of secretory granules with lysosomes M 3 -M 10 1.000
Apical location of secretory granules -presence of topographic connection of secretory granules with lysosomes M 7 -M 10 1.000
The traced correlations were visualized by the construction of correlation portraits (Fig. 2) . Moderate size of lysosomes -presence of topographic connection of secretory granules with lysosomes G 5 -M 10 -0.871
Large size of lysosomessignificant electron density of lysosomes G 6 -G 9 -1.000
Large size of lysosomessmall number of secretory granules G 6 -M 1 1.000
Large size of lysosomesmoderate number of secretory granules G 6 -M 2 -1.000
Large size of lysosomesmoderate electron density of secretory granules G 6 -M 5 -1.000
Moderate electron density of lysosomesapical location of secretory granules G 8 -M 7 1.000
Significant electron density of lysosomessmall number of secretory granules G 9 -M 1 -1.000
Significant electron density of lysosomesmoderate number of secretory granules G 9 -M 2 1.000
Significant electron density of lysosomesmoderate electron density of secretory granules G 9 -M 5 1.000
Small number of secretory granulesmoderate number of secretory granules M 1 -M 2 -1.000
Small number of secretory granulesmoderate electron density of secretory granules M 1 -M 5 -1.000
Moderate number of secretory granulesmoderate electron density of secretory granules M 2 -M 5 1.000 Fig. 2 . Graphic representation of the structure of the secretory direction correlation portraits of follicular thyrocyte activity in the thyroid glands of white male rats that received 50 μg of organic (a) and inorganic (b) iodine of chemical nature under the model conditions of iodine deficiency in the diet
Discussion
An analytical review of scientific literature on the use of a mathematical apparatus for the needs of biomedical diagnostics has confirmed the need for the development and implementation of new approaches to the objectivization of non-numerical information. It has been determined that the object of research in biomedical diagnostics is objective data, which are mainly numerical (quantitative).
Non-numerical (qualitative and binary) data due to the low adaptability of the mathematical support for working with such information are usually not objectivized, which makes it little accessible for study and reduces their significance for evidence-based diagnostics. Thus, most of the mathematical analysis methods that are currently used in biology and medicine cannot provide a complete comprehensive description and an indepth study of cell activity at the submicroscopic level of their structure.
At the same time, nowadays in medical-biological research the question of the quality of diagnosis is thrown into sharp relief (Avtandilov, 2002) . One of the ways to achieve this is the intellectual analysis of data, which is an interdisciplinary research field combining modern achievements in many fields of mathematics (Feng et al., 2014) . This approach is quite promising as it gives an opportunity to increase the accuracy of the diagnostic process by deepening the researcher's mindset. The main instrument of intellectual data analysis is the combination of correlation analysis, cluster analysis and evolution analysis. The approach we used to transform the qualitative and binary data obtained in characterizing cells lies in the sequential application of certain elements of the definite mathematical analysis tools. This permits one to determine differences in the morphological status of ultrastructural implementers of the studied fields of the hormone-producing cells' activity, as well as to study the interrelations and interdependence between them.
The study of the nomenclature, strength, and direction of correlation connections traced between the protein-synthesizing ultrastructures showed that when organic iodine was administered, the functional state of both the rough ER and the Golgi apparatus was in equilibrium. This was indicated by very strong connections between the moderately expressed dimensions of their substructures (r = 1.000); the connections between other ultrastructures were realized through the free and membrane bound ribosomes, the number of which was moderate or significant. The analysis of the general picture of connections between the ultrastructure of the discussed portrait allowed us to determine that synthetic activity of the thyrocytes was intense and functionally balanced. With consumption of inorganic iodine, the main load in the synthesis of the hormone protein part fell on the extended substructures of the Golgi apparatus and on moderately expressed substructures of the rough ER (r = 1.000).
Dissociation between the degrees of functional activity of the Golgi apparatus substructures, which were moderately expressed, and the rough ER, which were expanded (r = 0.791), and between the moderate amount of bound ribosome located on the reticulum membrane and the reduced amount of free ribosomes, located in the thyrocyte cytoplasm (r = 1.000) were determined. The above indicates that when inorganic iodine of a chemical nature was received, the hormone-producing activity of the follicular thyrocyte was accompanied by a certain functional tension.
Analysis of the correlation connection features, traced between organelles-implementers of the secretory direction in the follicular thyrocytes' activity, showed that consuming organic iodine contributed to the harmonic secretion, as evidenced by the uniform involvement of almost all cluster elements, which were expressed moderately, in the portrait. The largest aggregates of correlation connections were E 2 , H 2 , H 5 , G 2 , G 5 , M 3 , M 7 , and M 10 , indicating the conditions favourable enough for release of the produced hormone. Despite this, the portrait also pointed out that the secretion took place with some strain, as evidenced by very strong indirect connections, with a moderate amount of secretory granules, moderate number and moderate length of apical microvilli and a moderate electronic density of secretory granules (r = -1.000).
Meanwhile, when consuming a similar dose of inorganic iodine, the existence of complications in the secretion process was indicated by the dissociation of connections (r = 1.000) between a significant degree of the lysosomes' electron density and moderate amount of secretory granules having moderate electron density and uneven involvement in the portrait of its components; the main functional load of the hormone release devolved upon lysosomes and secretory granules. The existence of conditions favourable for release of the hormonal product was evidenced by connections between moderate amounts of apical microvilli with moderate amounts of lysosomes (r = 0.875) and apical localization of secretory granules (r = 1.000).
Consequently, the general picture of correlation portraits, the nomenclature of organelles, as well as the strength and direction of the correlations, traced between the components of the portrait, were determined by the chemical nature of iodine used as a substrate for thyroid hormones. Thus, in the study of the processes of synthesis of hormones with the organic iodine consumption, the predominant ultrastructure elements of the portrait were the substructures of the rough ER and the Golgi apparatus, the moderate expression of which (J 2 and К 2 ) indicated a balanced functional state of the follicular thyrocytes. By contrast, consumption of inorganic iodine was accompanied by an increase in the number of ultrastructures in the studied cluster, involved in the process of hormone synthesis and the connections between substructures of different functional activity (J 4 , K 1 , L 3 ), indicating functional imbalance and strain in synthetic activity.
The observed tendency maintained in the study of the hormonal product secretion. Thus, under the influence of inorganic iodine, the number of nodal points (places of correlation aggregates in the portrait) and their filling with correlation connections were greater than at the consumption of organic iodine. This requires a more in-depth study, since it may have opposite interpretations: indicate the need to increase the constituents to ensure the system's stability over functioning or, conversely, be a sign of the uniform involvement of the cluster's constituents in the secretion processes which is the best for the hormonal product release. We are more inclined to the first option, since the presence of dissociation has been determined in the state of cluster organelles, which are functionally important for the hormone secretion process. In particular, the size and electronic density of lysosomes that played a prominent role in secretion were quite significant (G 6 , G 9 ), while the topographic connection between lysosomes and secretory granules (M10), which is a prerequisite for the hormone release, was not always clear. Thus, the comparison of the action of organic and inorganic iodine showed that in the model conditions of iodine deficiency, consumption of organic iodine contributes to a greater activation of hormonal synthesis in the follicular thyrocytes, whereas under the influence of inorganic iodine secretion of the produced hormone is somewhat complicated.
The obtained results allow us to deepen the study of specific activity mechanisms of hormone-producing cells and correspond to the views of Mintser et al. (2003) about the importance of the mutual activity of all components in the morpho-functional module, aimed at achieving a general beneficial result. The use of non-numerical information in biometrics (Takeda et al., 2011) , medical expert systems (Korenevskiy, 2015) , medicine (Adlassnig, 2016) , and studies of the cell as a biological object are to some extent consistent with the views of Goiko & Mokhnachov (2013) and Das et al. (2016) on the importance of applying mathematical approaches, in particular, step-by-step algorithms designed to enhance informative value in the analysis of diverse biomedical information. The practical use of correlation analysis in cytology permits us to significantly expand the scope of cell studies, in particular, to deepen the study of hormonopoiesis mechanisms.
Conclusion
The use of correlation analysis for research on hormone producing cells allows one to deepen the understanding of the features of intimate mechanisms in different aspects of their activity, which substantially expands the research platform and increases cognitive potential. The presented approach to the transformation of non-numerical information about the morphofunctional state of hormone-producing cells into numerical data permits one to determine, study, analyze and generalize the peculiarities of the changes in both the individual ultrastructures and their functional complexes (clusters) in response to the actions of various factors and to trace the interdependence and interactions existing between them. Taking into account the convenience of use, the presented approach to transforming qualitative data on the state of a cell into quantitative indices becomes an important source for obtaining objective information in cytophysiology and cytomorphology.
The prospects for further research lie in the in-depth study of the energy and transport aspects in the activity of hormone-producing cells at the ultrastructure level of their organization.
